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Abstract—Soil nutrient is detected by the use of ISFETs and the 
corresponding current is obtained from it according to the varia-
tion in concentration of the nutrient in soil and their Ph. The use 
of metal oxide coated semiconductors for gas detection is high 
nowadays. The Ion sensitive field effect transistor has the elec-
trode. This on reaction with the analyst changes its resistance 
value and corresponding signals are generated and the transduc-
er unit in the sensor gives the varying current output. This could 
be then processed that is converted to voltage, amplified and then 
given to a window detector where in the voltage obtained from 
the sensor could be tested for it be in between two reference volt-
age levels and these reference voltage levels represent the level of 
nutrients in the soil either it is deficient, in surplus or in sufficient 
amounts. This could be used to make the LEDs glow. It proves to 
be an easy way of observing the soil nutrient content even by an 
illiterate. The checking of soil nutrient content could be automat-
ed and made periodic by the use of microcontroller, the feedback 
mechanism involving the soil’s nutrient content value as the 
common input and the ideal or required value as the reference 
input. 
 
Index Terms— Introduction, ISFET, non-inverting 
amplifier, Window detector 
 
I.   INTRODUCTION 
 
Much advancement has been done in agriculture focus-
ing the increasing of crop yield. But the use of fertilizers to 
increase the yield proves to be a threat to the crop protec-
tion and the further use of field for successive cultivation 
and crop rotation. 
Instead there can be a way in which the technology 
could be used to achieve a farmer-friendly environment. 
Chemical sensors shall be used to detect the composition of 
nutrients in the soil and this could be converted to an elec-
trical parameter such as change in re-
sistance/inductance/capacitance or electrical polarization 
etc. 
The chemical sensor generally gives the output in the 
form of a physical signal and that could be processed by 
signal processing unit. After the signal is processed it is 
given to the display unit to view the output. Here, an idea 
of using LEDs instead of display unit would help even a 
common man to infer the nutrition level in the soil.  
The soil consists of many nutrients and 3 among them 
are the most essential nutrients namely nitrogen, phospho-
rous, potassium. Though these minerals are available in 
larger amounts the propotion used by the plants is very 
less.the nutrients may be available in any form say soild, 
liquid, and gas or even as ions. Sodium chloride dissolves 
in water easily to give sodium ions (Na+) and chloride 
iopns (cl-) whereas there are nutrients that does not dis-
solve easily into ions in water.  
Depending upon the choice of the mineral to be ana-
lyzed the choice of sensor varies. It may be a metal oxide 
sensor or a sensor that uses polymers working on the prin-
ciple that this polymer on reaction with the analyst deforms 
in shape. This gives the information about the nutrient. 
More precisely the use of ion sensitive field effect transis-
tor gives best results in soil nutrient detection. 
 
II COMPONENTS OF AGRO SENSORS: 
The block diagram representation for the working of the 
agro sensor is shown in figure 1 
 
 
 
 
 
 
 
 
 
 
Figure 1 
The soil that is being tested is inspected by using the 
ISFET. The anayst acts as the gate electrode. 
 
III ISFET 
 
 
 
 
 
 
 
 
 
 
  
The ion sensitive fiels effect transisitors could also be 
used for the detection of variation in the pH of the soil. 
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This works on the basis of change in ion concentration 
which is converted to corresponding potential differences. 
It happens according to the Nernest equation  
Δϕ= RT/F ln ai1/ai2 
Where, 
R- Gas constant 
F- Faraday constant                  
T- Absolute temperature (K) 
fi= Activity Coefficient 
Ion concentration ai=fi.ci 
So the change in the concentration is converted to the corre-
ponding current values. 
 
IV. NON-INVERTING AMPLIFIER 
The potential difference that comes out as the output 
from the sensor is amplified. An ideal amplifier is to have 
an inifite input resitance, zero output resitance, infinite 
open loop voltage gain, inifinte bandwidth. Even though 
idealization of amplifiers is not possible, the operational 
amplifiers almost match with the ideal characteristics. A 
comparision of the ideal opamp with the practical one is 
given in the table 1. 
 
The operational amplifier works in two modes: 
 
1. Inverting amplifier, 
2. Non-Inverting amplifier. 
   
Compared to the inverting amplifier ,the input resistance 
of the non-inverting amplifier is extremely large as it 
draws negligble amount of current from the sorce.the 
opamp in the non inverting mode is as shown in the figure 
3. 
 
 
 
 
 
 
 
 
 
Figure 3 
V. WINDOW DETECTOR 
The window detector is used to compare the given input 
voltage between any two threshold voltages. This differs 
from the comparator in a fact that only the comparison of 
the input voltage with a single reference voltage is possi-
ble, whereas in a window detector it is possible to compare 
between various voltage levels. The resistance values cho-
sen determine the threshold voltage levels.  
 
 
Figure 4  
The circuit in figure 4 has two non-inverting compara-
tors. It divides the total voltage into three equal voltage 
steps with the help of the 3 equal resistances. Here the total 
voltage 0f 15 is divided in 3 steps. The voltage available 
after resistor 1 is 5v and that after next resistor is 10v. The 
voltage that is available across the resistors is given to the 
inverting end of comparators 1 and 2 respectively. This is 
compared with the voltage obtained from the ISFET. 
 
VI. WORKING OF AGRO SENSORS: 
The ISFET sensors are beinginstalled in the soil follow-
ing the precautions to protect it from water. The sensors 
detect the level of nitrogen and phosphorous present in the 
soil and give the output in terms of millivolts. The varia-
tion of voltage with pH is as shown in figure 4. 
 
The voltage available from the sensor is amplified using 
amplifier with a high gain. This amplified voltage is given 
to a window detector which is used to compare the ampli-
fied voltage with reference voltage. The window detector 
has 3 different ranges i.e. from 1V to 5V, 5V to 10V, 10V 
to 15V. Depending upon the resistance values the desired 
threshold voltages could be obtained and the output from 
the operational amplifiers causes either of the 3 LEDs to 
glow. Thus the output voltage from window detector make 
the appropriate LED forward biased and makes it glow. 
The variation of pH and the voltage level is given in the 
graph1 
VII. CONCLUSION 
Thus the use of agro sensors has applied the emerging 
technique of pH measurement. This differs from the con-
ventional method in a way that more precise pH relation 
with Mv is obtained in this. It is also cost effective and 
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with better perfomance, since the components of it is just 
simple. 
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